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Abstract
Background. Equine-assisted physical activities are believed to improve the physical, psychological, and social wellbeing of 
special needs populations. Methods. A study was conducted to assess the effect of an equine-assisted physical activity and an 
adaptive horseback riding program in comparison with conventional adapted physical education designed to develop gross 
motor skills measured by the Gross Motor Function Measure (GMFM-88) in children with Down syndrome in a special 
education institution. Results. According to the fitted ordinary least squares and robust regression models, the equine-assisted 
activities program had, on average, a large positive effect on children's gross motor development in comparison to the 
conventional physical education in the control group for 3 months. Conclusion. Evidence is provided with regard to the short-
term improvement of the gross motor function in children with Down syndrome participating in equine-assisted activities, in 
comparison to regular adapted physical education, in a special education institution. Further research is needed to assess 
medium and long term effects of equine-assisted activities on gross motor development in children with Down syndrome.
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1. Introduction
Horseback riding and equine-assisted physical activities provide physical training of muscle force and postural 
control for maintaining balance, body positions and coordination, positively contributing to the personal physical 
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and psychological and social wellbeing of special needs children and adults [1],[2]. Effectiveness of equine-
assisted activities could be difficult to assess through non-experimental study designs due to an interaction of 
several independent variables that might influence the outcome of the intervention [3]. Nevertheless, up to the
present, the relationship between equine-assisted physical activities and gross motor development of children 
with Down syndrome has been mostly investigated in very small observational studies, often lacking a 
comparison group [4],[5].
The aim of our study was to assess development of gross motor skills in children with Down syndrome 
participating in an equine-assisted physical activities program in comparison to a conventional adapted physical 
education program. The study was expected to provide Oxford Centre for Evidence-based Medicine (OCEBM)
level 2 evidence [6] as to the effect of equine-assisted physical activities on gross motor skills in children with 
Down syndrome in a special education institution.
2. Materials and methods
In this article we present short-term results of an ongoing prospective adapted physical education study carried 
out at the Ambato Special Education Unit in 2014–2015. 40 children with Down syndrome with their age ranging
from 1 to 6 years were randomly assigned to 2 study arms: equine-assisted (n = 20) and conventional adapted 
physical education activities (n = 20). Gross motor development of the participants was assessed at baseline and 
at 3 months after the beginning of the study using the Gross Motor Function Measure (GMFM-88).
The participants were recruited from among those who had met the inclusion criterion of clinical diagnosis of 
Down syndrome, and were between one and six years old on inclusion and able to regularly attend the Ambato 
Special Education Unit in which the study was conducted. The exclusion criteria included clinically or 
radiologically diagnosed atlantoaxial instability or any other health condition that might lead to an inacceptable 
risk associated with adaptive horse riding and/or equine-assisted exercises. A history of disruptive, unsafe or 
disorderly behavior that might present risk to the participant or others would lead to an exclusion from the study.
A physical therapist screened all prospective participants prior to their enrolment on a one-to-one basis. If, based 
on her assessment, the prospective participant proved to be unfit to participate in activities that included equine 
movement, the child would be considered ineligible for participating in the research.
The two exercise interventions studied in this research were equine-assisted and regular adapted physical 
education activities. The equine-assisted physical education activities were carried out by professionally trained 
staff and volunteer instructors in accordance with the guidelines on integrated equine-assisted rehabilitation and 
recreation adapted to Ecuadorian conditions [7], developed and published by the AM-EN Foundation with the 
financial assistance from the United Nations Voluntary Fund on Disability (UNVFD) [8]. The participants 
performed assisted horseback exercises in different positions with elements of adaptive horseback riding aimed at 
developing balance, coordination, orientation, and rhythm, as well as muscle strength and flexibility [7]. In the 
conventional adapted physical education arm, the participants performed instructor-guided strength, flexibility, 
balance, and coordination exercises on a floor mat. Physical education activities in both study arms were 
conducted on a one-to-one basis for 30 minutes twice a week.
The Gross Motor Function Measure (GMFM-88) [9] was an instrument used for assessing the participants’ 
gross motor development in this study. The instrument was validated for its use in children with Down syndrome 
by Rusell et al. [10], with a transcultural adaptation in the Andean Community by Cobo-Mejía et al. [11]. The 
GMFM-88 contains 5 dimensions assessing lying and rolling (A), sitting (B), kneeling and crawling (C), standing
(D), and walking, running, and jumping (E) under the direct observation of a practitioner [12]. The GMFM-88
total score is calculated as an average score of 5 dimensions and is expressed percentagewise. An improvement 
of approximately 5 to 7 points in an individual child is considered a medium positive important change [13]
according to the original validation study [14]. The same evaluator professionally trained in assessing children’s 
motor skills performed all assessments after having being trained in GMFM-88 application and scoring according 
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to the Gross Motor Function Measure (GMFM-66 and GMFM-88) Users’ Manual [9] and having first practiced 
assessing the children with and without motor development issues who did not participate in the study.
The impact of the equine-assisted program was assessed by fitting ordinary least squares (OLS) and robust 
linear regression models predicting the GMFM-88 total score change from baseline 3 months after the beginning 
of the study. The OLS linear regression model was fitted in R version 3.2.5 [15] after having performed global 
validation of the model’s assumptions as well as validation of individual assumptions about kurtosis, skewness, 
linearity, and homoscedasticity using the package gvlma [16]. A robust linear regression model was fitted by 
iterated reweighted least squares in order to provide estimates resistant to outliers using MM estimation [17],
available in the rlm function of MASS [18]. The advantage of the MM estimation in a robust linear model is 
combining the efficiency of Huber’s estimator with the resistance of the S estimator [17]. The baseline value of 
the GMFM-88 total score was included as a covariate in both models as per the Committee for Medicinal 
Products for Human Use (CHMP) guideline [19], without regard to presence or absence of a baseline imbalance
of the score between the study arms. Effect sizes of ߟƸ௣ଶ and ෝ߱௣ଶ were calculated from the models’ F-values and the 
corresponding degrees of freedom [20],[21], with ෝ߱ ଶ being the most frequently reported effect size measure for 
fixed effects in psychological studies [22],[23] and shown to be typically less biased than ߟƸ  ଶ [23]. The standard 
errors (SE) of the effect size measures based on OLS and robust regression were estimated using ordinary 
nonparametric bootstrap simulation with 1,000 replicates with the package boot [24]. Bias-corrected and 
accelerated (BCa) 95% confidence intervals (CI) [17] were estimated for the robust regression model and the 
effect sizes based on OLS and robust regression with the same R package [24].
A written informed consent was obtained from a child's parent or legal representative prior to enrolment. The 
study protocol was approved by the Research Ethics Committees of the Technical University of Ambato and the 
Pontifical Catholic University of Ecuador, and was authorized by the regional authority of the Ministry of 
Education of Ecuador.
3. Results and discussion
The two study arms were comparable on the baseline characteristics of age, sex, body height and weight, and 
the GMFM-88 initial total score (Table 1).
Table 1. Baseline demographic, anthropometric, and motor development characteristics of participants by study arm
Characteristic Equine-assisted Conventional
Number of participants 20 20
Age in years, mean (SD) 3.9 (1.7) 3.7 (1.6)
Sex:
Female, number 
(percentagewise)
Male, number (percentage)
7 (35%)
13 (65%)
9 (45%)
11 (55%)
Body weight in kg, mean (SD) 13.6 (3.5) 13.1 (3.8)
Body height in cm, mean (SD) 88.4 (10.1) 84.3 (11.4)
GMFM-88 total score, mean (SD) 65.5 (17.8) 56.6 (16.1)
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The global and individual validation of the OLS model assumptions resulted in acceptable test values (p > 0.4
for all assumptions). The estimators of the fitted OLS and robust regression models as well as the corresponding 
effect sizes for the equine-assisted program effect on the GMFM-88 total score are presented in Table 2.
Table 2. Ordinary least squares (OLS) and robust regression predicting GMFM-88 total score improvement at 3 months (n = 40)
Parameters OLS MM-estimation
Estimate (SE) 95% CI Estimate (SE) 95% CIBCa
(Intercept, ߚመ଴) 3.740 (2.008) -0.328, 7.809 3.817 (2.039) 1.477,  7.288
Coefficients, ߚመ for:
Baseline GMFM-88 total score
Equine-assisted program
-0.025 (0.033)
4.320 (1.123)
-0.091, 0.042
2.044, 6.596
-0.015 (0.033)
3.419 (1.141)
-0.094, 0.028
1.512,  8.050
Effect size:
ߟƸ௣ଶ
ෝ߱௣ଶ
0.29 (0.09)
0.26 (0.10)
0.10,  0.45
0.04,  0.41
0.20 (0.12)
0.17 (0.11)
0.01,  0.41
0.00,  0.41
According to the fitted OLS linear regression model, after making corrections for the baseline GMFM-88 
scores, equine-assisted physical activity program resulted after 3 months in an approximately 4.3 point higher 
average improvement from baseline than the conventional adapted physical education (p < 0.001). On average, 
according to the OLS regression, the equine-assisted activities arm improved approximately 8.0 points (medium 
positive change [13],[14]), while the conventional adapted physical education arm improved only 3.7 points (a
small positive change [14]) at 3 months. The difference in the effect of the equine-assisted program on the 
GMFM-88 global score change from baseline was maintained in the robust regression model with MM-
estimation, with an average improvement of 7.2 points (medium positive change [13],[14]) in the equine-assisted 
activities arm and 3.7 points (small positive change [14]) in the conventional adapted physical education arm at 3 
months.
The estimators of the correlational effect sizes ( ෝ߱௣ଶ and ߟƸ௣ଶ) of the equine-assisted activities program on the 
GMFM-88 total score based on both OLM (0.26–0.29) and robust regression models (0.17–0.20) corresponded to 
large effect sizes according to the existing effect size interpretation benchmarks [21]. However, the lower limits 
of their 95% confidence intervals would include values corresponding to low or even nil effect size due to a
relatively small sample available for the study (n = 40).
No undesirable reactions or drop-outs from the study were detected during a three-month-long observation 
period, providing arguments for the safety of properly conducted equine-assisted and conventional adapted 
physical education activities in children with Down syndrome in a special education institution.
4. Conclusion
To our knowledge, this is the first study in which OCEBM level 2 evidence has been obtained with regard to a
short term improvement of gross motor skills in children with Down syndrome participating in an equine-assisted 
program in a special education institution. Further research needs to be carried out in order to assess the medium 
and long term effects of equine-assisted physical activities on gross motor development in this special needs child 
population.
A larger study would definitely be desirable in order to obtain narrower confidence intervals for the effect size 
estimators, although in practice it could be quite difficult to obtain a much larger sample in a single special 
education institution. A network study, possibly an international one, should definitely be considered in order to 
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provide high quality evidence and develop evidence-based recommendations with regard to the use of equine-
assisted physical activities in children with Down syndrome.
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